Introduction: Many studies have shown a relationship between serum level of trace elements and risk of stroke, but the exact mechanism of this relationship is not clear. The purpose of this study was to measure changes of serum magnesium, iron, copper, and zinc levels in ischemic and hemorrhagic stroke patients to evaluate their potential diagnostic utility.Materials and methods: Overall, 53 healthy individuals (30 men, 32 women) and 53 ischemic and hemorrhagic stroke patients (30 men, 23 women) who were admitted to the Rouhani Hospital in Babol (Iran) were enrolled in the study within 24 hours after stroke onset. Diagnosis was made based on medical history and physical examination by a neurologist. After blood sampling, serum copper was assessed by atomic absorption spectrophotometry, and zinc, magnesium and iron levels were assessed by spectrophotometry. Data analysis was performed in SPSS (version 21) using independent sample t-test and chi-square test. Results: Serum concentrations of copper was significantly higher in the patients (58.8 ±14.7 mg/dL) compared with the controls (45.7 ±10.0 mg/dL). Serum concentrations of zinc was significantly higher in the patients (113.2 ±17.3 mg/dL) compared with the controls (95.60 ±12.80 mg/dl). Moreover, serum concentrations of iron was significantly higher in the patients (148.5 ±30.4 mg/dL) compared with the controls (74.22 ±33.3 mg/dL). However, the patients (1.4 ±0.8 mEq/L) had significantly lower level of magnesium level compared to the controls (2.1 ±0.3 mEq/L). Conclusions: Our results suggest that evaluation of serum magnesium, iron, copper and zinc levels in ischemic and hemorrhagic stroke patients may be useful for the prediction and diagnosis of stroke status.
INTRODUCTION
It is well known that ischemic stroke occurs because of obstruction within a blood vessel supplying blood to the brain, but hemorrhagic stroke occurs when a weakened blood vessel ruptures. Stroke is also one of the main causes of morbidity and mortality with large economic losses [1, 2] . Evidence suggests that trace elements can help protect neurons and prevent neuronal injury. It also improves blood flow to ischemic region, boosts energy and inhibits hippocampal neurons necrosis [2] . Inflammation is one of the main post-stroke symptoms [3] . Quality of life of stoke patients is also reduced significantly [4] . Zinc is a necessary cofactor for many enzymes and has an important role in synaptic transmission. Evidence suggests that zinc deficiency can lead to ischemic injury [5] . Copper has a critical role in the proper functioning of enzymes. Copper has important role in iron metabolism and can cause cytotoxic effects by partaking in reactions that leads to production of reactive oxygen species [6] . Iron has several vital functions in the body. A preliminary study revealed that high iron levels increase the risk of cerebrovascular attack. The effects of trace elements and heavy metals on patients with acute hemorrhagic stroke has been studied [7] . Rapid identification of stroke patients in the emergency department is an essential part of therapy. In this regard, detection of biomarkers for the prediction and diagnosis of stroke is of great importance. Our previous investigations on stroke patients include evaluation of serum levels of calcium, chloride, potassium and sodium [8] , investigation of the association of GABA and L-arginine levels and some stroke risk factors [9] , determination of serum iron and free hemoglobin concentrations [10] , and evaluation of serum uric acid, glucose and nitrite-nitrate levels [11] . The aim of the present study was to assess the potential diagnostic utility of serum magnesium, iron, copper, and zinc level in stroke.
MATERIALS AND METHODS

Study population
From August 2012 to July 2014, consecutive patients with ischemic and hemorrhagic stroke (n=53, 32 women) who were admitted to the Rouhani Hospital in Babol (Iran) were enrolled within 24 hours after stroke onset. In addition, 53 healthy individuals (30 men, 32 women) were included in the study as controls. The subjects were matched in terms of age and gender. Mean age of patients and controls was 67 years. On admission, a neurologist made the diagnosis for ischemic and hemorrhagic stroke based on medical history, clinical examination and neuroimaging using the National Institutes of Health Stroke Scale (NIHSS). Informed consent was obtained from all subjects prior to participation in the study. Inclusion criteria were accurate diagnosis of stork. Exclusion criteria were presence of vascular disease or risk factors of stroke, consumption of food supplements or drugs that could affect electrolytes concentration, and history of kidney disease. A day after the diagnosis, blood samples (5 ml) were collected from patients. The study protocol received approval from the ethics committee of Babol University of Medical Sciences.
Biochemistry analysis
Serum levels of zinc, iron and magnesium were analyzed in a biochemistry laboratory using a spectrophotometer (model: M501, serial number: nol0904105, Camspec Co.) [12, 13] . Zinc specifically forms a stable colored complex with chromogen (5-Br-PAPS). Xylitol blue was used for measuring serum magnesium levels. Ferene/end point method was used for determination of iron level. In acidic solution, transferrin bound iron is released as Fe 3+ and then converts to Fe 2+ by reducing substances. This ion creates a purple colored complex with ferene. Serum level of copper was measured by an atomic absorption spectrophotometer fitted with deuterium background correction and copper hallow-cathode lamp as the radiation source [14] . In addition, argon was used as the purge gas for the spectrophotometry experiment. Stock standard copper solutions were purchased from Merck (Germany) at concentration of 1000 mg/l (PPM) in a 0.5 mole HNO 3 (ultra-pure) solution. Serial dilutions (5, 10, 20, 40 and 50 PPB) were prepared using deionized water. Then, we injected 10 μl of each solution into the graphite tube.
Statistical analysis
Data analysis was done in SPSS software (version 21). Results were expressed as mean ± standard deviation (SD). Moreover, mean values in the two groups were compared using independent sample t-test and chisquare test. P-values less than 0.05 were considered as statistically significant.
RESULTS
Concentration of copper, iron and zinc was significantly higher in the patients compared to the controls. However, magnesium level was significantly lower in the patient group compared to the control group (Table 1) . Table 2 demonstrates the serum concentrations of magnesium, iron, zinc and copper in the study groups based on gender. 
DISCUSSION
Although trace elements such magnesium, iron, copper and zinc are essential for body functions, but they can cause toxicity at levels beyond necessary for their biological functions. In this study, we found that the serum concentration of magnesium is significantly lower in stroke patients compared to healthy individuals. This is in contrast with findings of a previous study [17] . Previous studies suggested that serum level of magnesium in stroke patients regulate vasomotor tonicity, blood pressure and peripheral blood flow. [17] . Conversely, another study demonstrated that magnesium intake reduce the risk of ischemic stroke [18] . In addition, another study revealed that magnesium supplementation can considerably improve performance of stroke patients [19] and facilitate their recovery [20] . Researchers also reported that high magnesium hair accumulation is not associated with risk of ischemic stroke [15] . A strong association has been shown between magnesium intake and reduced risk of stroke [4] . However, a study stated that serum concentrations of magnesium do not reflect the exact level of total magnesium levels in the body [16] . The inconsistencies in the results of these studies could be attributed to the small sample size, different methodology, and most importantly patients. Zinc deficiency has been thought to be involved in neuronal damage [6] . We found no significant difference in the zinc level between stroke patients and healthy individuals. The level of serum copper in the patients was significantly higher than in the healthy controls. In our study, the patients had higher levels of serum iron compared to the healthy controls. A relationship has been reported between serum iron level and risk of stroke.
Moreover, serum ferritin concentrations have a direct relationship with stroke in women [7] . A previous study indicated that an increase occurs in iron storage before stroke [21] . It is well demonstrated that free iron increases following ischemic stroke [22] . There is also a relationship between low zinc level and stroke [23] . Researchers have shown that zinc, manganese, copper and selenium levels alter in nerve tissues [24] , indicating their possible involvement in stroke. Trace elements alterations in serum may have diagnostic and prognostic value for stroke. However, the mechanism of this phenomenon is not completely understood. It is recommended to design future studies with a larger sample size to further identify the association of trace elements and risk of stroke.
CONCLUSION
We showed that the concentrations of magnesium, zinc, iron and copper might be a suitable biomarker for assessing the status of stroke. However, further studies should be performed to confirm our results.
